This study, one in a series, reports bulk chemical composition of rocks collected from two exposed, measured stratigraphic sections at the Smoky Canyon phosphate mine in southeastern Idaho. The rock samples from Sections G and H constitute a set of channelsampled intervals across the entire thickness of the Meade Peak Phosphatic Shale Member of the Phosphoria Formation at two locations exposed during mining. These channel samples characterize-in ascending order-the lower phosphate ore, interlayered middle waste rock, upper phosphate ore, and upper waste units of the member.· The rocks from both sections exhibit moderate to substantial alteration from interaction with ground water, which contrasts to previous sampling efforts where the more deeply buried of the two sections at each mine was considerably less altered than the shallower section. The Section H suite includes a composite sample of the uppermost 75 feet of the Grandeur Tongue of the Permian Park City Formation, a dolomitic unit that directly underlies the Meade Peak. It also includes an analysis of a 2-foot section of chert directly overlying the Meade Peak at the locality of Section H.
TABLES
. Concentrations of major, minor, and trace elements for individual samples and replicate samples for Section G (wpsG). Table 2 . Concentrations of major, minor, and trace elements for individual samples and replicate samples for Section H (wpsH). Table 3 . Accuracy and precision--concentrations of major, minor, and trace elements in standard reference materials, three phosphatic shale quality control check materials, and in duplicate samples that accompanied samples from Sections G and H for analysis. Relative standard differences and relative standard deviations specify the departures from accepted concentration values or group mean concentrations. For the three phosphatic shale quality control check standards, the mean of 5 previous analyses is shown, italicized when there are fewer than 5 unqualified concentrations, and this is compared against the concentrations obtained for the splits of the check standards that accompanied the samples discussed in this report. Herring and others (2000a) for Sections C and D. A few of the earliest-distributed reports contained data columns transposed relative to the headings for C0 2 , carbonate, and total carbon. The correct data to correspond with the column headings are shown. Most distributed paper copies and all electronically-distributed copies of the report contained the correct data.
INTRODUCTION
Background U.S. Geological Survey (USGS) geologists have studied the Permian Phosphoria Formation in southeastern Idaho and the Western U.S. Phosphate Field throughout much of the twentieth century. In response to a request by the U.S. Bureau of Land Management (BLM), a new series of resource and geoenvironmental studies was initiated by the USGS in 1998. Present studies involve most scientific disciplines within the USGS and consist of: (1) integrated, multidisciplinary research directed toward resource and reserve estimations of phosphate in selected 7.5-minute quadrangles; (2) elemental residence, mineralogical and petrochemical characteristics; (3) mobilization and reaction pathways, transport, and disposition of potentially toxic trace elements associated with the occurrence, development, and use of phosphate rock; ( 4) geophysical signatures; and ( 5) improving the understanding of depositional origin.
To carry out these studies, the USGS has formed cooperative research relationships with: two Federal agencies, BLM and the U.S. Forest Service (USPS), which are responsible for land management and resource conservation on public lands; and with five private companies currently leasing or developing phosphate resources in southeastern . Because raw data acquired during the project will require time to interpret, the data are released in open-file reports for prompt availability to other workers. The open-file reports associated with this series of resource and geoenvironmental studies are submitted to each of the Federal and industry collaborators for technical comment; however, the USGS is solely responsible for the data contained in the reports.
Location and General Geology
The location of the measured sections is shown in figure 1 . The sections lie in southeastern Idaho, approximately 25 miles northeast of Soda Springs, in a region that has had extensive phosphate mining over the past several decades and currently has four active phosphate mines. Service ( 1966) provided an evaluation of the western phosphate industry in Idaho and a brief description of the mining history, ore occurrence, and geology. More detailed discussion of the Phosphoria Formation in the Western Phosphate Field is given by McKelvey and others (1959) . Cressman and Swanson (1964) discussed detailed stratigraphy and petrology of these same rock units in nearby southwestern Montana. Gulbrandsen and Krier ( 1980) discussed general aspects of the large and rich phosphorus resources in the Phosphoria Formation in the vicinity of Soda Springs. Gulbrandsen (1966 Gulbrandsen ( , 1975 Gulbrandsen ( , and 1979 with ground water or with water from surface infiltration. Consequently, rocks from both sections are expected to exhibit moderate to substantial alteration from water. Strata in the vicinity of the two measured sections dip 20-30 degrees westward. on the back limb of a major anticline. Both sections are cut by local low-angle faults, of unknown displacement, that dip slightly less than to slightly greater than the dip of bedding. These faults caused repetition of strata in some areas, but many caused omission of strata. One such low-angle fault zone cuts through Section G and caused omission of the upper two units of the lower ore zone (Hot Bed and Phosphatic Shale, which combined total 7-10 ft thick; see Tysdal and others, 2000c) and about 25 ft of the lowermost strata of the middle waste (near 35 ft interval, Section G). Middle waste strata between the "? E Bed repeated ?"(near the 85ft level, Section G; see the figure in Tysdal and others, 2000c) and the upper ore zone of the section are thinner than normal, suggesting omission of strata by an unrecognized fault. In Section H, the Cap Rock units between the lower two lines of correlation (6.5-62 ft interval) are much too thick for a normal sequence in this area. The mudstone strata between the two phosphorite sequences of these lower strata contain a thickened, poorly exposed zone that is interpreted to host a low-angle thrust fault. The fault is about parallel to bedding, and served to repeat nearly the entire lower ore zone, although the Fish-scale bed, the lowermost bed of the Meade Peak, is not repeated. The two sections differ in thickness, chiefly because of likely thinning of the middle waste zone of Section G and thickening of the lower ore zone of Section H by faulting.
METHODS Field Sampling
The samples within the measured sections that were obtained for geochemical and petrological analysis were scraped or chiseled in a consistent manner along a channel across each entire interval of uniform lithology. This provides a single representative sample of the entire interval. The choice of sampling intervals is intended to characterize strata of more or less uniform lithology and of a broad thickness that can be handled by typical mine equipment should the results of our analyses suggest that separate handling of such zones would be advantageous. Within these broad intervals, we sampled thinner intervals, sometimes as thin as one foot or occasionally less, where we noted a lithology different or distinct from the thick interval as a whole. Thicknesses and boundaries of the chosen intervals are noted in the data tables.
About 0.5 to 1 kg of rock was collected for each sample interval. The bulk samples were shipped to the laboratories of the USGS in Denver, Colorado, for sample preparation.
Rock Sample Preparation
Rock samples were dried in air at ambient temperature. Samples were processed as received after drying. First, they were disaggregated in a mechanical jaw crusher, and then a representative split was ground in a ceramic plate grinder to <100 mesh ( <0.15 mm). Representative splits of the latter material were provided to various collaborators and to the contract laboratory for analysis. All splits were obtained with a riffle splitter to ensure similarity with the whole sample. Splits of about 50 g in size were sent to the contract laboratory, where they were prepared for analysis. A set of similar-size splits for all samples was archived by USGS.
Analysis
Samples were analyzed for 40 major, minor, and trace elements using acid digestion in conjunction with inductively coupled plasma-atomic emission spectrometry (ICP-AES). For the 40-element analysis (referred to as ICP-40), a split was dissolved using a lowtemperature ( <150° C) digestion with concentrated hydrochloric, hydrofluoric, nitric, and perchloric acids (Jackson and others, 1987) . The analytical contractor has modified this procedure to shorten the digestion time (P. Lamothe, USGS, oral communication, 2000) . The acidic sample solution was taken to dryness and the residue was dissolved with 1 m1 of aqua regia and then diluted to 10.0 g with 1% (volume/volume) nitric acid. This technique also provides analysis of Bi and Sn. Because an inconsistent bias in the Bi and Sn data presently exists for the analytical contractor (P. Lamothe, USGS, oral communication, 2000) , the concentration data for these two elements have been eliminated from the original analytical data set. Sr concentrations are determined in both the ICP-40 and ICP-16 (see below) techniques, and the data from both techniques have been reported. The two techniques agree well; the R 2 between them is >0.99. Both ICP techniques also detect and measure Mn and have comparable accuracy and precision. However, the ICP-40 technique is considered to be superior to the ICP-16 technique because it has a much lower detection limit, 4 parts per million (ppm) compared to 100 ppm. This lower detection limit is important in analyzing a few of the check standards with low Mn concentrations. Nonetheless, analytical data for both procedures are included in the data tables. The ICP-40 technique measures Au above 8 ppm and Ta above 40 ppm; however, no samples from either of the two sections had concentrations above these detection limits. Consequently, those data have been eliminated from the data files.
Another split of the sample was fused in lithium metaborate then analyzed by ICP-AES after acid dissolution of the fusion mixture. This technique, referred to as ICP-16, provides analysis of all major elements,including Si, and a few minor and trace elements, 16 in all. Most importantly, this is the only analytical technique of those used that measures Si concentrations in these siliceous, phosphatic shale samples. Although the Meade Peak Phosphatic Shale Member is known mostly for its phosphorite content, it also contains minor to significant amounts of siliceous components, which occur in aluminosilicate minerals, quartz, or biogenic silica. Si measurement is not possible using the 4-acid digestion ICP-40 technique because the Si is lost as a volatile fluoride compound during digestion. Analysis of major elements using the fusion technique also provides a compositional check on the concentrations of these same elements as measured by acid digestion. Ti and Cr were analyzed using both ICP techniques, and the concentration data for both techniques are included in the analytical tables. However, the fusion technique is superior to acid digestion because of its ability to more completely digest resistant minerals that might contain those elements.
Se analysis was performed using hydride generation followed by atomic absorption (AA) spectroscopy. Se is not reported using either of the ICP techniques, as it generally is volatilized and lost during sample preparation. The hydride/ AA technique also is used for the analysis of As and Sb. For the analysis of As, the hydride analytical technique is considered to be more sensitive than the acid digestion ICP-AES analytical technique. Most Tl analyses were performed using hydride generation followed by atomic absorption spectroscopy. However, a few measurements ofTl concentrations on the phosphatic check standards and several samples from Section H included some analyses done with a graphite furnace AA measurement after fusion of the sample and extraction using an organic solvent.
Total S and total C were measured using combustion in oxygen followed by infnired measurement of the evolved C0 2 and S0 2 • For the other forms of carbon, carbonate carbon was measured as evolved C0 2 after acidification of the sample, and organic carbon was calculated as the difference between total and carbonate carbon, The compilations by Arbogast (1996) and Baedecker (1987) include additional discussions about the various types of analytical methodology used in this study.
The element concentration data for Sections G and H include a profile of the equivalent uranium (eU) measurements taken with a GAD-6 gamnia-ray spectrometer. Concentrations of eU are given in ppm. This instrument measures gross gamma-ray flux (including cosmic rays) and provides a quantitative measure of K, U, and Th. Abundance of U and Th were determined via detection and counting of gamma rar:s of specific energy associated with a particular daughter radionuclide of each element, 14 Bi with a 1.76 MeV (million electron volt) gamma-ray in the case of U. Calculation of total abundance of U and Th assumes secular equilibrium between the measured daughter nuclide and the parent isotope and all intermediate daughter nuclides for each individual element. Potassium abundance is determined from the measurement of gamma rays associated with the decay of 40 K. The spectrometer integrates detection over a 27t geometry of approximately 112 m 3 and, because gamma rays are emitted in random directions, has proportionally higher detection likelihood for those gamma rays that are emitted closer to the detector. The calibration equations for the spectrometer assume this geometry on a planar surface and are based on analysis of concrete pads of known composition of the three elements. The calibration coefficients, as well as the constants for subtracted background counts, are a function of latitude, altitude, rock density, and moisture. The coefficients become less reliable as location and rock conditions change from those of the calibration. No gamma spectrometry measurements were made in the highly-altered Section H, although some gamma scintillometry measurements are included across two parts at and near the base of the section.
In Herring and others (2000a) and Tysdal and others (2000a), we discussed the rationale for reporting eU concentration data after normalization of the highest eU concentration to 200 ppm for Sections A and B (Herring and others, 1999; Tysdal and others, 1999) . This scaling was done because published reports from the 1970s and earlier on U and eU concentrations in the Meade Peak state that few U concentrations from this member exceed 200 ppm (see Swanson, 1970 , and references therein) and we had little independent check on accuracy of the spectrometer data. However, new analytical data obtained as part of our study question these past published relationships. Recently, we reanalyzed a subset of samples using delayed neutron (DN) analysis, which has a precision of better than 3 percent and an accuracy of generally better than 5 percent (McKown and Millard, 1987) . The relationship between the two measurement techniques is shown in figure 2 for 70 samples. DN analysis provides a cross check on those U concentration data published by Herring and others (1999) where the concentrations are greater than the lower detection limit of the ICP-40 analytical method, 100 ppm. For a set of 12 samples where ICP-AES measurements are greater than the detection limit of 100 ppm, the DN data average 12 percent less than those of ICP-40 and have a relative standard deviation of 12 percent. Thus, given this relative credibility in the ICP-40 technique as verified by DN analysis, the frequency ofU concentrations >100 ppm among the set of all composited stratigraphic samples of the Meade Peak analyzed using ICP-40 can be estimated. For 246 channel samples of Sections A, B, C, D, E, and F as measured by ICP-40 (Herring and others, 1999 (Herring and others, , 2000a (Herring and others, , 2000b , 33 of the U concentrations are > 100 ppm, with 30 between 100 and 200 ppm and 3 that are >200 ppm. These channel samples average rock over intervals that range from 1 to 15 feet of true stratigraphic thickness. Clearly, each channel sample will have some U concentrations that are indeed higher, perhaps considerably so, than the interval average. Furthermore, measurement of U concentrations in over 400 samples of the Meade Peak using energy dispersive x-ray fluorescence (EDXRF) show that about 3 percent of the U concentrations are >200 ppm (Siems and Herring, manuscript in preparation). Consequently, we believe that U concentrations in excess of 200 ppm are not as scarce as reported by Swanson (1970, and references therein) and that U concentration measurements from the gamma-ray spectrometers are reasonably accurate and should be reported as measured rather than scaling them against an assumed upper limit value based on older studies. Previous studies of the Phosphoria Formation maintain that there is a consistent relationship between eU and total U contents and between total U and phosphate contents (McKelvey, 1956) . Our measurements indicate considerable scatter in both r~lationships ( fig. 2 ; Herring and others, 1999; Herring, unpublished data) . Measured eU concentrations, even among consecutive 1-foot stratigraphic intervals within a unit of consistent lithologic character, often exhibit considerable variability. We expect that this results from: (1) finescale variability in the concentration ofU; (2) the effect of the geometry of the dipping rocks; or (3) from lack of secular equilibrium. Scatter in the U to P 2 0 5 relationship results from U removal or addition by syndepositional effects and (or) by post-depositional alteration, especially weathering. The U is mostly located in the phosphate mineral lattice as a substitute for Ca; location of the decay (daughter) products is uncertain. For the phosphatic rocks of the Phosphoria Formation, total gamma-ray counts are dominated by decay of U and its various daughter products. ~0 is generally <2 percent in the phosphorite and <3 percent in the middle waste shale; Th concentrations are generally < 15 ppm in ore and waste shale (Altschuler and others, 1958; Swanson, 1970; Herring and others, 1999; Herring, unpublished data) .
The measurements for eU were obtained on high-resolution, 1-foot (true-thickness) spacing across parts of Section G. These concentration data are graphed in the preliminary report on the stratigraphic descriptions of these sections (Tysdal and others, 2000c ) . The reported eU concentration for each channel-sampled interval in the data tables was obtained by averaging all measurements taken through that interval at 1-foot spacings. A recalibration of the GAD-6 instrument in April, 2000, indicates that eU concentrations in our previous reports should be reduced by 18 percent, an exactly proportional correction that reduces all concentrations equally. However, we have continued to use the older calibration equations for the data in this report to facilitate comparison with our earlier data. Relative changes among all reported concentrations for a measured section are accurate as depicted. For Section G, the interval from 35-50 feet was measured on the lower bench, which offered a flat, horizontal surface, rather than continuing measurements at 35 feet along with the stratigraphically described and sampled section on the next higher bench, with its flanking vertical face. This interval is possibly thickened by a low-angle fault and may not correlate directly with the same footage interval on the next higher bench. Within the interval from 51-78 ft, spectrometry measurements were made on the lower bench from 51-68 ft, and values were typical of middle waste rock. However, these values are not included because of location uncertainties within this apparently faulted sequence.
Total gamma counts per second as measured across the energy detection spectrum of the spectrometer, approximately 1.5 to 2.6 MeV, correlate with eU with R~ 0.99. This indicates that U produces most of the measured radioactivity and that the contributions to measured radioactivity from K and Th are small. Consequently, the gross gamma counts measured by a scintillometer also will correlate fairly well with U content and, secondarily, with phosphate content. In a previous study of Section E (Tysdal and others, 2000b; Herring and others 2000b ) , the correlation between counts per second on the spectrometer and a scintillometer (Mount Sopris Instrument Company; Model SC-132) was R 2 = 0.82.
For Section H the scintillometer used was a Geometries GR101A, which has a smaller · detector crystal than the one used for Section E. Consequently, the absolute count rate for samples of Section His notably less than that of Section E. Nonetheless, the scintillometry measurements of Section H are internally consistent from one to another and can be related in relative magnitude to the spectrometry and scintillometry scans of other sections. In Section H, 20 of the channel-sampled intervals had scintillometry measurements taken across their intervals at 1-foot true stratigraphic spacing and arithmetically averaged for the interval (table 2). These samples also were analyzed for U content by EDXRF (Siems and Herring, in preparation) . The relationship between these two techniques is where the U concentration is in ppm and cps represents the counts per second of the Geometries GR101A scintillometer.
RESULTS
Analytical results of the rock analyses from the more deeply buried but still altered Section G and shallower, also-altered section Hare listed in concentration data tables 1 and 2, respectively. The tables include listings of the concentrations of the major rock-forming elements as oxides as well as elements. The oxide concentrations are calculated from the elemental concentrations using standard stoichiometric conversions of the major element concentrations that were determined using the ICP-16 fusion technique. In the tables, the calculated oxide concentration is listed in the column adjacent to the reported concentration for each major element. In addition, there is a column that lists the sum of the calculated major element oxides; however, this sum does not include the contributions from oxides of carbon and sulfur. Elements are listed alphabetically by chemical symbol for each of the analytical techniques: individual elements (As, Hg, Sb, Se, and Tl), carbon forms and sulfur, ICP-16 (fusion digestion), and ICP-40 (acid digestion). Interval base and top footages are specified relative to the stratigraphic base of the Meade Peak Phosphatic Shale Member. This base is defined specifically as the base of the Fish-scale stratum, a bioclastic marker phosphorite unit. Footage numbers increase upward through the measured sections. The samples from both sections represent the Meade Peak in its entirety as a series of contiguous channel samples from the uppermost Grandeur Tongue through and including the Upper Waste unit within the Phosphoria Formation. The upper-most channel sample from Section H (WPSH 180C) is a sample through a 2-foot interval of the Rex Chert immediately overlying the Meade Peak. Table 2 includes chemical composition data for three special samples that were not collected as part of the channel sampling through the Meade Peale First, there is a composite sample of the Grandeur at the location of Section H obtained by collecting approximately 100 g at 1-foot intervals through the upper 75 of thickness of the Grandeur. Second, a composite bag of randomly collected chips from the Fish-scale unit directly overlying the Grandeur at the location of the Grandeur unit composite sample was included. This was done because the Fish-scale unit of the section had lain exposed as a dipslope . mining surface for a couple of years and it was conceivable that composition could have been altered compared to fresher samples of the Fish-scale collected in outcrop as part of channel sampling. Indeed, nearly all element concentrations in these exposed samples of the Fish-scale unit are half or less compared to those same element concentrations in the fresher channel sample of the Fish-scale. Only those trace elements associated with the phosphate, as well as the phosphate concentration itself, exhibit increased concentrations in the weathered composite sample. This suggests that leaching can reduce trace element concentrations from exposed rocks over a time scale of a few years. Third, there is a 2-foot stratigraphic thickness sub-sample taken of the channel sample that directly overlies the Fish-scale unit. This sub-interval was sampled because of its unusually high radiometric emission (see eU data in Tysdal and others, 2000c) . Initially, the chemical composition for this interval, based on the data from the analytical contractor, seems little different from the enclosing channel-sampled interval, with aU concentration for both reported as <100 ppm. However, EDXRF analysis of this sub-sampled interval reveals aU concentration of 239 ppm, consistent with the radiometric signature measured in the field using gamma-ray scintillometry. The enclosing channel-sampled interval has aU concentration of 172 ppm using EDXRF analysis. We have no explanation for the apparently much lower U concentration values for these two samples that were reported by the analytical contractor.
The concentration data in tables 1 and 2 are listed as reported by the contract laboratory. The data have neither been manipulated statistically nor has there been any replacement of any qualified values of concentration. Qualified values of concentration result because the analytical detection signal for an element is at or less than a specified lower detection limit (LDL) that is not statistically different from zero. Qualified values are listed in the data tables with"<" preceding the LDL. We have not included replacement values for these qualified concentrations, which is typically done for most traditional data summarization and analysis (for example, see Cohen, 1959) .
As an estimated measure of analytical accuracy, various analytical standard rock samples were included with the set of samples from the sections that were submitted to the contract laboratory_. The reported analyses of these standards are included in table 3. We include analysis of three carefully prepared check standards of phosphatic shale (POW -1, POW-2, and POI-1) that are used as ongoing monitors of analytical accuracy for this project (Wilson and others, in preparation). These standards are finely ground ( <200 mesh) splits of composite channel samples of two sections of middle waste rock and one of ore from Section B. This section was described by Tysdal and others (1999) and the analytical data were reported by Herring and others (1999) . The preparation and use of these standards are intended to provide better analytical quality control for the project, especially because the standards have similar mineralogy and composition to the typical rocks being analyzed within the project. Table 3 also includes the concentrations obtained with the check standard splits that accompanied the samples for Sections G and H, the mean concentration values of past five replicated analyses, and the relative standard difference between those standards and the means. Analyzed standards also included SARL-1 and SARM-1, which are routinely submitted with rock samples as a part of the quality control monitoring of the contract laboratory. Table 3lists the individual analyses of these two replicated standards, the mean of their replicated analyses, the accepted concentration values, and the relative standard difference in percent between those mean concentrations and the accepted values.
As a measure of analytical precision, the analytical sample set includes 8 replicated sample pairs, 4 from each section. These samples are identified in the data tables for Sections G and H as duplicates. The listings in table 3 summarize for each element the average relative standard difference and average relative standard deviation of up to 8 duplicated pairs of samples. This summary only reports statistical comparisons for duplicated sample pairs without any qualified concentration data for individual elements.
The samples were submitted to the contract laboratory in a randomized sequence. This eliminated systematic error from sources such as, for example, instrumental drift. The abbreviations for analytical techniques in the column headings of tables 1, 2, and 3 for analytical methodology are defined as follows:
Hydride: hydride generation followed by atomic absorption spectrometry. CV AA: cold vapor atomic absorption spectrometry. Fusion AA: fusion followed by graphite furnace atomic absorption spectrometry Combustion (carbon): combustion in an oxygen atmosphere using an automated carbon analyzer; evolved carbon dioxide gas is measured using a solid state infrared detector. Combustion (sulfur): combustion in an oxygen atmosphere using an automated sulfur analyzer; evolved sulfur dioxide gas is measured using an infrared detector. Acidification: acidification followed by measurement of evolved carbon dioxide gas using coulometric titration. ICP-16: inductively-coupled plasma spectrometry, fusion digestion. ICP-40: inductively-coupled plasma spectrometry, acid digestion.
Concentrations of various elements in the channel samples of the two sections are graphed in figure 3. The few "less-than" concentrations reported for some of these elements have been replaced with their lower detection limits for graphing. The figure includes a brief key to the general geology of major intervals within each section: Lower Ore Zone, Middle Waste, Upper Ore Zone, and Upper Waste. For Section H, the figure includes the data from the Grandeur Tongue limestone, the composited sample of surfaceexposed (weathered) Fish-scale chips, and the uraniferous sub-sample within the interval from 0.5 to 6 feet. The sample from the 178 to 180 foot interval is from the Rex Chert Member of the Pshosphoria Formation.
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